This paper is concerned with the robust stability for a class of switched discrete-time systems with state parameter uncertainty. Firstly, a new matrix inequality considering uncertainties is introduced and proved. By means of it, a novel sufficient condition for robust stability of a class of uncertain switched discrete-time systems is presented. Furthermore, based on the result obtained, the switching law is designed and has been performed well, and some sufficient conditions of robust stability have been derived for the uncertain switched discrete-time systems using the Lyapunov stability theorem, block matrix method and inequality technology. Finally, some examples are exploited to illustrate the effectiveness of the proposed schemes.
Introduction
A switched system is a hybrid dynamical system consisting of a finite number of subsystems and a logical rule that manages switching between these subsystems. Switched systems have drawn a great deal of attention in recent years, see 1-24 and references therein. The motivation for studying switched systems comes partly from the fact that switched systems and switched multi-controller systems have numerous applications in control of mechanical systems, process control, automotive industry, power systems, aircraft and traffic control, and many other fields. An important qualitative property of switched system is stability 1-3 . The challenge of analyzing the stability of switched system lies partly in the fact that, even if the individual systems are stable, the switched system might be unstable. Using a common quadratic Lyapunov function on all subsystems, the quadratic Lyapunov stability facilitates the analysis and synthesis of switched systems. However, the obtained results within this framework have been recognized to be conservative. In 10 , various algorithms both for stability and performance analysis of discretetime piece-wise affine systems were presented. Different classes of Lyapunov functions were considered, and how presented for the uncertain switched discrete-time systems, and the switched law design has been performed. Comparing with 22, 23 , the uncertainty in system was not considered in 22, 23 , but we consider the uncertainty in systems and the design switching law is simple and easy for application.
The rest of this paper is organized as follows. The problem is formulated in Section 2. Section 3 deals with robust stability criteria for a class of discrete-time switched system with uncertainty. Numerical examples are provided to illustrate the theoretical results in Section 4, and the conclusions are drawn in Section 5.
Notation 1.
The notation used in this paper is fairly standard. The superscript "T " stands for matrix transposition; R n denotes the n-dimensional Euclidean space. diag{· · · } stands for a block-diagonal matrix. Matrices, if their dimensions are not explicitly stated, are assumed to be compatible for algebraic operations. A symmetric matrix P > 0 ≥0 means P is positive semipositive definite. · stands for the Euclidean vector norm of the vector. λ A stands for the eigenvalues of matrix A. A denotes the norm of matrix A, that is, A Max λ A T A 1/2 . I and 0 represent, respectively, identity matrix and zero matrix.
Systems Description and Problem Statement
Consider a class of uncertain switched discrete-time systems given by
where x k ∈ R n is the state, A σ x k ∈ R n , x 0 is the initial state, σ x k : R n → {1, 2, . . . , N}, N ≥ 2, is a piecewise constant scalar function, called a switch signal, and N is the number of the individual systems, that is, the matrix A σ x k switched between matrices A 1 , A 2 , . . . , A N belonging to the set A {A 1 , A 2 , . . . , A N }. ΔA σ x k denotes the parameter uncertainty and is assumed to be in the following form:
where E σ x k is real constant matrices of appropriate dimensions and F σ x k is unknown matrix, satisfying
The switched discrete-time system 2.1 can be described as follows:
where
Using 2.5 and 2.6 , we have
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We have 
2.9
Considering the following system 2.10 :
where 
Since P is a symmetric positive-definite matrix, there exists a matrix Q such that P Q T Q. We have
2.13
Equation 2.11 implies that ΔV k | 2.10 < 0, x k / 0. Hence the system 2.10 is asymptotically stable.
For system 2.3 , we have
2.14 From 2.11 , we know that, for any k, at least there exists an i ∈ {1, 2, . . . , N}such that
The switching signal is given as follows.
1 If the following inequality holds:
Thus, the switched discrete-time system 2.3 is asymptotically stable. This completes the proof of Lemma 2.2.
Stability Analysis of Uncertain Switched Discrete-Time System
Consider the asymptotical stability of the following system:
Remark 3.1. The motivation of considering 3.1 is that when the diagonal blocks satisfy Lyapunov matrix inequalities 3.9 , system 3.1 has some good property.
According to Lemma 2.2, the study of asymptotical stability for 3.1 can be transformed into the study for 3.3 :
where β 1/ 1 c . We choose the Lyapunov function candidate as
Computing the product, we have
3.5
So,
3.6
Using the properties of matrix norm, we have
3.7
It will be convenient throughout this section to use the following notations: 
3.10
Proof. By Lemma 2.1, the difference of the Lyapunov function 3.4 is as following
3.11
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According to Lemma 2.2, the discrete-time system 3.1 is asymptotically stable. Proof of Theorem 3.2 is completed.
Consider the system 2.3 with
3.14 According to Lemma 2.2, we have the following theorem for the asymptotically stability of 2.3 .
Theorem 3.3. There exists a switched law such that the discrete-time system 2.3 is asymptotically stable, if there exist symmetric positive-definite matrices
P 1 , P 2 > 0, P 1 ∈ R n 1 ×n 1 , P 2 ∈ R n 2 ×n 2 ,
and positive constants c, λ ij , i, j 1, 2, satisfying the follow inequalities:
A T ijj P j A ijj − 1 1 c P j ≤ −λ ij I, i 1, 2, . . . N, j 1, 2, 3.15 N i 1 β i A i11 P 1 A i12 A i21 P 2 A i22 A i21 2 P 2 − λ i1 c −1 P E T i E i < 0, N i 1 β i A i11 P 1 A i12 A i21 P 2 A i22 P 1 A i12 2 − λ i2 c −1 P E T i E i < 0,
3.16
where P diag{P 1 , P 2 }, and
Proof. We choose the Lyapunov function candidate as
T , x 1 ∈ R n 1 , x 2 ∈ R n 2 and P diag{P 1 , P 2 } are real symmetric positivedefinite matrices.
Using Lemma 2.1 and 3.15 , we get
From 3.16 , we have ΔV k < 0, x k / 0. Consider the system 2.3 with
According to Lemma 2.2, we have the following theorem for the asymptotical stability of 2.3 . 
satisfying the following inequalities:
A T ijj P j A ijj − 1 1 c P j ≤ −η ij I, i 1, 2, . . . N, j 1, 2, 3, 3.21 3 j 2 A ij1 2 P j 3 j 1 A ij1 A ij2 P j 3 j 1 A ij1 A ij3 P j c −1 P E T i E i − η i1 < 0, 3 j 1 j / 2 A ij2 2 P j 3 j 1 A ij1 A ij2 P j 3 j 1 A ij3 A ij2 P j c −1 P E T i E i − η i2 < 0, 2 j 1 A ij3 2 P j 3 j 1 A ij1 A ij3 P j 3 j 1 A ij3 A ij2 P j c −1 P E T i E i − η i3 < 0,
3.22
where P diag{P 1 , P 2 , P 3 }, and
T and P diag{P 1 , P 2 , P 3 } are real symmetric positive-definite matrices.
3.25
So, we get
3.26
Using the properties of matrix norm, 3.24 , and Lemma 2.2, we have
3.27
From 3.22 , we have ΔV k < 0, x k / 0. Switching Law. The switching law is given by 2.17 and 2.18 . In the light of Lemma 2.2, the discrete-time system 2.3 is asymptotically stable. Proof of Theorem 3.5 is completed.
Remark 3.6. According to the system matrix that is divided into block matrices of the different dimension, Theorems 3.3 and 3.5 are obtained, respectively. When the system matrix is divided into 2 × 2 block matrix, Theorem 3.3 can be used. When the system matrix is divided into 3 × 3 block matrix, Theorem 3.5 can be used.
Numerical Examples
Example 4.1. Consider the switched discrete-time system composed of two individual systems given as follows. 
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